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„ „ are no amendments to this patent.) 

[There are ^ 



„ rM | a semiconductor wafer 
(Th e present *™«°^^ st „ that processes the 
processing device for a P««»^« * fc , time . and is a 
Lrface of ^^ZZ characterized in that 

semiconductor wafer V™"'™ a heating me ans that preheats 
along with being sur£ace proce ssing, a cooling 

semiconductor wafer before the s»r ^ ^ ^ 

m eans that cools the ^<^™ lowering mechanism that. 
Trocessing, and a -^1 ^ semlconductor wafer 

along with having the ^ and l0 „ering. and rotating 

and advancing and retracts, - ^ before the surface 

horizontally, ta.es the «~ c ^% el , 8el t o within said vessel, 
processing from outside s^J^ ^ semlcon ductor wafer 
and a transport -^"^ifeLntioned processor reaction 
to a wafer stage inside the abo above . ment ioned heating 

chamber after preheating b ^"^^ wit hout mutual 
means, is installed in a close ^ , le 

partitions being provided between valve to a 

„i that is transported by a va „ 0 ,_ ina ls executed 

vacuum vessel that i uhereln surface processing i 

processor reaction chafer « he ^ raislng and lowering 
on a semiconductor wafer, with wafer ^ which 

Techanisms on which the and horizontal 

- t - ^^^J^ means and cooling means 
directions beneath sard ^ so that it 

respectively, and said «c — ^ ^ . cassette chafer 
to be connected in an ^ the semiconductor wafers 

wh ich accommodates a cassette 
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. j at the heating means on the side oppos 
are carried, at tne 

transport mechanism. 
Detail^xElanaUo^^ 
Industrial application field 

rinpdible] processing type of 
Th is invention relates ° ^ ^ surface 

semiconductor water process g ^ ^ ^ of 

processing such as thin semiconductor 
plasma CVD and the like one wafer at ■ 
Iters (hereinafter, simply called wafer, . 

Prior art 

10 nf the semiconductor wafer processing 
A design example of the se the" Figure, (1) is 

ed until now is shown m Figure 
TeTrocessor reaction chamber (2. ^ * P ^^^"^«tor is 
chamber wherein a magne ron <*, us * ^ (5) is 

connected by waveguide (3) and th is a load -and- 

installed on the circumference o th chamb . ^ ^ ^ 
lock chamber that is connected by the ^ 

^r- rpaction chamber (1); 1S a • 

the processor "«ti° k cnaBjDer (6) and the atmosphere; 

that gates the load and 10 connected to the 

t9 , l0 , are vacuum exhaust systems that •« ^ ^ t (6) , 

proc essor reaction ' ^'mechanism provided with, 

IZZZ ea i chafer ,1, facing, opposite the plasma- 
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,■>>• and (13) is a cassette in which a 
generating chafer .2,. and (13, ac _ ated . 

plU rality of semrcon due to r w.fe s < ^ 

With this type of design, tne P 
and the plasma-generating chafer (2, are evac ua d, the 
rdavL that are generated by U» .magnetron ««. _ 

material gas carrier y , _ ource to within the 

to the purposes supplied" £ rom ^ ^ ^/t^ying . 
pl asma-generating c - « ^ excitation coil 

mr^al 1 1: generated within the piasma-generating 

chamber. . inside the 

a.-l. ■ 4 o ct-arted, one wafer is sent, uu 
Before this is started, o transport mechanism 

processor reaction chamber (1) by means of a transport 
processor accepted and held in the wafer support 

present la t« " ^ »^ e %iordSf first , Nz g as is introduced to 
m6 T lS tL lo d-and loc k chamber (6) through a conduit that is 

Wi rillustr t d from an externa! section, and the inside of the 
not illustrated M t the vacuum 

ga te valve 8, i open (i3) which the 

LT- -rd-ioc, chafer is again h ; ^ _ 

0 f the vacuum exhaust system ij-u, , 
condition by 0f io ^! and _ lock chalrf3er (6) reaches a vacuum 

the pressure o ^lo. . ^ ^ 

pressure that " V* is openeQ , the above-mentioned 

(1) the vacuum gate valve M .^.^ ^ 

transport mechanism (15) places tne 
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. v. m and along with the wafer-support 

^v- rparfion chamber (1)/ a na diuwy 
processor reaction . ,_ hpr the vacuum 

Lchanism (11, being delivered insrde the chafer, 

gate valve ,7, is again closed- ^ ^ ^ 

t-f ECR plasma is geneiducu 
,• iflm- forming raw material gas such as, for example, 

sen^ng a fr 1m » reaction chawtoer (1) in thls 

silane gas, insrde P processor reaction 

condition, this plasma is forced int y and due 

chafer ,1. . the above-mentioned sr ane s ac r ^ 

to . the ac : io :a°rLrt:i ; ££i sili » ^» ~ 

the above-mentioned »««*||~ J conducted. Also, when 

processing operation for the nex a ^ are 

th. processing is comp eted a ° ^ 

accomodated « tta » ^^' e ^! chamber (6, , the 

vacuU m gate va ve o the de ^ ^ ^ ^ 

Tsirted In its place, and the wafer processing is conducted bv 
the same type of operations as mentioned above. 

Problems to be solved by the invention 
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„ l1if » of the film made drops, and the yield 
generated, the trim quality of "» at , high 

and quality of the wafers is ^terrorated ^ 
temperature (about 200-C) immediately af te r be g P 
this type of a plasma CVD device or the like, and also, 
T it is the case that polypropylene is used in the 

r/iarLrtnl cassette used in the conventional Ullegibie, 
device and the like, and there was the problem that if (the 
r , „», transferred as is immediately to the cassette, the 

:i ti : a r e :id. « o* r to ^ ^ 

"venters of this invention previously proposed a ™^ t0r 
Zlr processing device that was equipped with ^"^^ 
c :ler which housed a heating means such as an integ r . heater 
or the like, and a cooling means « acco- d * 
stage based on water cooling or the like. The se 
jessing device according to this proposal is one wherein, 
along with a preheating chamber being connected by a . ™ gate 
(8) to the cassette ,13. side of the load-and-lock chamber 
Z Tin rUe 6, a cooling chafer was connected b y a v« gate 
valve with the load-and-lock chamber ,6) in a direction 
perpendicular to the face of the paper of Figure 6 but during 
the preheating of a semiconductor wafer, a wafer for which the 
surface processing had been competed could not be transported 
out to inside the cassette (13,, the vacuum gate valve had to be 
lened every time to mutually deliver a wafer between the 
preheating Lm*er, the load-and-lock chamber, and the -ling 
chafer, Id because o, the lost time required in the opening and 
cl^n, operations for the vacuum gate valve, in the event this 
type of device was used on a practical mass production scale, 
there was a problem generated in the throughput. 
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• to solve these problems and 

to offer a semiconductor wafer p ible . 

• w^h excellent film quality is po* 
forming with excexx 

Means to solve the problems 

wp the above-mentioned problems, in this 
In order to solve the abo ice £or a n 

invention, a semiconductor wafer P*-"^ ^ sur£ace o£ 
[illegible! processing system ^ ^ equlpped 

semiconductor wafers o« » »^ ' ^ semicon ductor wafer before 
with a heatin, means that pre ^ ^ coolB . th . 

the surface processing, a cool g ssing , and a 

semiconductor wafer after the sur « with having the 

wafer-raising and lowering wa£er and adva ncin, and 

tunction of holding the —conductor nori20nt ally, take 

retracting, raising and ^»"^ rface proce ssin g from 
the semiconductor wafer before th ^ ^ transport 

out side said -cuum vessel to wit ^ ^ ^ 
mechanism delivers the semic ^ a wa£er stage 

means of the -^^"^J^ paction chamber, is 

inside the above-mentioned proces petitions being ^ 

installed in a closed ^"/^ trans port mechanism OC 
provided between semiconductor «t.r by a vacuuB 

within a single vacuum vessel surface 
,ate valve to a processor ^ ^ wafer , an d with wafer- 

processing is executed on a s. semi conductor wafer 

Taising and lowering -chanisms o n^c ^ ^ ^ vertical 

i. carried and which move the Semico ^ 
-a di :rsai: vi: vessel is formed so that it is 



means, respectively. 
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* ■ * n airtight manner to a cassette chamber, 
able to be connected ir > a. tx, ^ wafers 

which accommodates a cassette opposite the 

are carried, at the heating means on the side o PP 
transport mechanism. 



Function 

, r tn facilitate the understanding of the 

FlrSt ' "^1 ion i given in regard to the operating 
operation, an explanation y , . that is 

routine for a semiconductor wafer processxng devxce 

t-n the above-mentioned means, 
constructed accordxng to the ab ^ ^ connected by 

ir-ir-^t the inside or a casseuuc ^ 

^valve to the atmosphere side of a vacuum chamber 
a vacuum gate valve to • returned to 

that constructs a load-and lock ch installatlon , 

means xs ""^'^^ beneath said heating means. During 
mechanxsm that xs mec hanism again removes a single 

wafe r proce ssxng th tran^po ^ ^ ^ 

wafer from the cassette wafer- 

• „ ^-f t-hP heating zone. Next, tne wdiei 

and ^^■^^ 18 J' t o the optimum heating 
raxsxng and conducts the he ating process, 

position of ^ l^2Z^ d , the wafer-raising and lowering 
Mter the proce ss ^» £"£ e n and delive rs the wafer 

mechanism lowers to the aen Jf f , r;in( . nort 
to the above-mentioned transport mechanxsm. The transport 
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mechanism to which a wafer has been delivered rotates, and s ands 
by facing the processor reaction chamber, the vacuum gate valve 
that is connected to the processor reaction chafer is opened 
and after the wafer that is standing by is transferred to wrthin 
the processor reaction chamber, it is delivered to the wafer- 
support mechanism that is installed within the chamber. Here the 
transport mechanism returns to inside the load-and-lock chamber 
and after the vacuum gate valve is closed, the prescribed wafer 
processing is conducted inside the processor reaction chamber. 
During wafer processing, the transport mechanism again removes a 
single wafer from the cassette chamber and delivers it to the 
wafer-raising and lowering mechanism of the heating zone. Next, 
the wafer-raising and lowering mechanism is moved to the optimum 
heating position of the heating zone, the wafer is preheated, and 

stands by. . , _ 

When the wafer processing is completed, the processed wafer 
is moved to the load-and-lock chamber from the processor reaction 
chamber by a routine that is the opposite of the above-mentioned 
insertion operation. The above-mentioned transport mechanism 
delivers it to the wafer-raising and lowering mechanism that is 
installed beneath the cooling means within the cooling zone that 
is installed within the load-and-lock chamber; the wafer-raising 
and lowering mechanism moves to the optimum position of the 
cooling zone and [the wafer] is cooled. Furthermore, the 
transport mechanism takes the wafer from the wafer-raising and 
lowering mechanism of the heating zone, and delivers it to the 
wafer-support mechanism within the processor reaction chamber in 
the same manner as mentioned above. Here, the prescribed wafer 
processing is conducted again, the transport mechanism again 
takes a single wafer from the cassette chamber, and delivers it 
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to the wafer-raising and lowering mechanism of the heating zone. 
Here the wafer-raising and lowering mechanism moves to the 
optimum position of the heating zone; the wafer is preheated, and 
stands by. 

After the wafer-raising and lowering mechanism of the 
heating zone has completed moving to the prescribed position, the 
transport mechanism takes a wafer from the wafer-raising and 
lowering mechanism of the cooling zone, passes beneath the wafer- 
raising and lowering mechanism of the heating zone, and inserts 
it at the same position as the position from which it was taken 
from the cassette within the cassette chamber. 

In the same manner, the processes are repeated for the 
designed number of wafers. In this way, according to the device 
mechanism of this invention, in the wafer transporting process, 
the cassette chamber, the load-and-lock chamber, and the 
processor reaction chamber are always maintained at a vacuum and 
are not opened to the atmosphere side, there is almost no 
absorption of moisture, insertion of impure gases, or intrusion 
of debris from external sections, and the inside of the chambers 
are maintained in a very clean condition. 

By this means, even though a wafer is delivered within the 
processor reaction chamber, there is almost no carrying of 
foreign substances such as dust from external sections to inside 
the processor reaction chamber, the moisture on the wafer is 
removed by means of preheating, and the quality of the thin films 
that are formed in the wafer can be improved by a wide margin. 
Also, one can get by with a minimum of opening and closing 
operations of the vacuum gate valve between each chamber, which 
becomes the origin of lost time generation in the wafer 
transporting process, and because the entire chamber is always 
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under a vacuum condition, the operations of returning to 
atmospheric pressure and again evacuating become unnecessary, and 
along with the lost time being eliminated, a sequential process, 
wherein the wafers on which the cooling process has been 
completed can be transported out to the cassette during the 
preheating [of another wafer], becomes possible, the required 
time for a single series of wafer transport processes are greatly 
shortened, and an increase in the throughput can be accomplished. 

Application examples 

Figure 1 is a plan view showing one application example of a 
semiconductor wafer processing device mechanism of this 
invention; Figure 2 is a vertical cross-sectional view of the 
device in Figure 1 through line (A-A) , and Figure 3 is a vertical 
cross-sectional view of the device in Figure 1 along line (A-B) . 
Also, Figures 4 and 5 are cross-sectional views along lines (C-C) 
and (D-D) in Figures 2 and 3, respectively, and the same 
components corresponding to Figure 6 have the same keys applied. 

First, in Figure 1, the load-and-lock chamber (26) is 
connective^ installed by a vacuum gate valve (7) to the side of 
the processor reaction chamber (1), and the transport mechanism 
(15), heating zone (16), and cooling zone (17) are installed 
within the load-and-lock chamber (26) . Also, the cassette chamber 
(18) is continuously connected to the load-and-lock chamber (26) 
by vacuum gate valve (19), and is partitioned from the room 
outside the atmosphere side by means of vacuum gate valve (8) . As 
shown in Figure 2, the feed mechanism (20) which feeds one pitch 
at each stage of the cassette (13) and the vacuum exhaust system 
(21) are provided in the above-mentioned cassette chamber (18); 
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the load-and-lock chamber (26) is equipped with the heating means 
(22) that is formed as a integral heater and the wafer-raising 
and lowering mechanism in (23), and as is shown in Figure 3, a 
cooling stage (24) based on water cooling and a wafer-raising and 
lowering mechanism (23) are installed inside the load-and-lock 
chamber (2 6) . 

Next, an explanation is given following the routine for the 
transporting and processing operations for a wafer in the 
semiconductor wafer processing device comprising the above- 
mentioned construction. 

First, the cassette chamber (13) (Figure 2) is returned to 
atmospheric pressure, and the cassette (13) is inserted. After 
insertion, evacuation is conducted by means of the vacuum exhaust 
system (21). Next, the vacuum gate valve (19) is opened, and the 
transport mechanism (15) takes a single wafer (14) from the 
cassette (13) inside the cassette chamber (18), and delivers it 
to the wafer-raising and lowering mechanism (23) . The wafer 
raising and lowering mechanism (23) raises the wafer (14) to the 
optimum position with the heating means (22), makes contact, and 
here preheating is conducted by means of the heating means (22) . 
After the preheating process is completed, the wafer-raising and 
lowering mechanism (23) lowers, the wafer (14) is again delivered 
to the transport mechanism (15), and next, the transport 
mechanism (15) rotates, faces the processor reaction chamber (1) 
and stands by, and when the vacuum gate valve (7) is opened, it 
advances and delivers the wafer (14) to the wafer support 
mechanism (11) that is installed inside the processor reaction 
chamber (1), and after retracting, the above-mentioned vacuum 
gate valve (7) closes. Here, the prescribed wafer processing is 
conducted . 
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On the other hand, during wafer processing, the transport 
mechanism (15) again takes a single wafer (14) by the 
above-mentioned same routine from the cassette (13), and delivers 
the wafer to the wafer-raising and lowering mechanism (23) of the 
above-mentioned preheating zone (16). Here, the wafer-preheating 
process is conducted. The transport mechanism (15) that has 
delivered the wafer stands by in a condition facing the processor 
reaction chamber (1) . When the wafer processing is completed, the 
transport mechanism (15) removes the wafer (14) for which the 
processing is completed by a routine the opposite of the 
above-mentioned insertion operation. The wafer (14) that has been 
transported out is moved to the cooling zone (17) (Figure 1, 
Figure 3) by means of the above-mentioned transport mechanism 
(15), and is delivered to the wafer-raising and lowering 
mechanism (23). Here, the wafer (14) is cooled by means of the 
cooling stage (24). Also, the transport mechanism (15) that has 
delivered the wafer (14) to the cooling zone (17) feeds a wafer 

(14) that has been treated by the heating zone (16) by the 
above-mentioned same routine to the wafer-support mechanism (11) 
within the processor reaction chamber (1) . Here, the prescribed 
wafer process is again conducted. Next, the transport mechanism 

(15) again takes a single wafer (14) by the above-mentioned same 
routine from the cassette (13), and delivers the wafer to the 
wafer-raising and lowering mechanism (23) of the above-mentioned 
preheating zone (16) . Here, the preheating is conducted. 

Next, the transport mechanism (15) takes the wafer (14) that 
has been cooled from the wafer-raising and lowering mechanism 
(23) of the cooling zone (17), and removes it beneath the wafer 
table of the wafer-raising and lowering mechanism (23) of the 
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cooling zone (16), and inserts it into the same position of the 
cassette (13) as the position from which it was removed. 

After that, the processing for the prescribed number of 
components are repeated in the same manner. 

Effect of the invention 

As was presented above, in this invention, an [illegible] 
processing type of semiconductor wafer processing device which 
processes semiconductor wafers one at a time, along with being 
equipped with a heating means that preheats the semiconductor 
wafer before the surface processing, a cooling means that cools 
the semiconductor wafer after the surface processing, and a 
wafer-raising and lowering mechanism that, along with having the 
function of holding the semiconductor wafer and advancing and 
retracting, raising and lowering, and rotating horizontally, 
takes the semiconductor wafer before the surface processing from 
outside said vacuum vessel to within said vessel, and a transport 
mechanism delivers the semiconductor wafer after preheating by 
means of the above-mentioned heating means to a wafer stage 
inside the above-mentioned processor reaction chamber, is 
installed in the closed condition without mutual partitions being 
provided between transport mechanism and semiconductor wafer, and 
within a single vacuum vessel that is transported by a vacuum 
gate valve to a processor reaction chamber wherein surface 
processing is executed on a semiconductor wafer, and with 
wafer-raising and lowering mechanisms on which the semiconductor 
wafer is carried and which move the semiconductor wafer in the 
vertical and horizontal directions beneath said heating means and 
cooling means, respectively. Since it is a device wherein the 
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said vacuum vessel is formed so that it is able to be connected 
in an airtight manner to a cassette chamber, which accommodates a 
cassette in which the semiconductor wafers are carried, at the 
heating means on the side opposite the transport mechanism, in 
the wafer transporting process, the cassette chamber, 
load-and-lock chamber and processor reaction chamber are always 
maintained at a vacuum, there is no release to the atmospheric, 
side, there is almost no moisture adhesion, impure gas adhesion, 
and intrusion of dust from external sections, and the inside of 
the chamber is maintained in a high state of cleanliness. By this 
means, even though the wafer is delivered between [stages] within 
the processor reaction chamber, the carrying of foreign 
substances such as dust from external sections to within the 
processor reaction chamber is almost eliminated. Also, because 
the surface processing is conducted in a condition wherein the 
moisture that has adhered to the wafer is removed due to 
preheating by means of a heating means, the film quality of the 
thin film that is formed on the wafer is improved, and this film 
quality becomes possible by means of wafer-raising and lowering 
mechanisms that are respectively installed beneath a heating 
means and a cooling means, and a minimum of opening and closing 
operations of the vacuum gate valves. By means of a sequential 
processing which transports wafers out of the cassette after the 
completion of cooling during the preheating of unprocessed 
wafers, the required time for a series of wafer transporting 
processes can be shortened by a wide margin compared to prior 
devices, and the effect of increasing the throughput can be 
obtained. 



Brief description of the figures 
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Figures 1-5 show the construction of a semiconductor wafer 
processing device according to one application example of this 
invention; Figure 1 is a horizontal cross-sectional view of the 
main section; Figure 2 is a vertical cross-sectional view of the 
device along line (A-A) in Figure 1; Figure 3 is a vertical 
cross-sectional view of the device along line (A-B) in Figure 1; 
Figure 4 is a frontal cross-sectional view along line (C-C) in 
Figure 2; Figure 5 is a frontal cross-sectional view along line 
(D-D) in Figure 3; and Figure 6 is a vertical cross-sectional 
view showing a design example of a semiconductor wafer processing 

device used until now. 

1 Processor reaction chamber 

6, 26 Load-and-lock chamber (vacuum vessel) 

7, 19 Vacuum gate valve 

13 Cassette 

14 Semiconductor wafer 

15 Transport mechanism 

16 Preheating zone 

17 Cooling zone 

18 Cassette chamber 

22 Heating means 

23 Wafer raising and lowering mechanism 

24 Cooling stage (cooling means) 
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Figure 1 

Processor reaction chamber 
Vacuum gate valve 
Cassette 

Transport mechanism 
Preheating zone 
Cooling zone 
Cassette chamber 
Load- and- lock chamber 




Figure 2 



Key: 1 Processor reaction chamber 

7, 19 Vacuum gate valve 

13 Cassette 

14 Semiconductor wafer 
18 Cassette chamber 

22 Heating means 
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Key: 1 Processor reaction chamber 

6 Load-and-lock chamber 

7 Vacuum gate valve 
24 Cooling stage 
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Figure 4 
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Key: 14 Semiconductor wafer 

15 Transport mechanism 

16 Preheating zone 

22 Heating means 

23 Wafer-raising and lowering mechanism 
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Figure 5 



Key: 



14 Semiconductor wafer 

15 Transport mechanism 
17 Cooling zone 

23 Wafer-raising and lowering mechanism 

24 Cooling stage 
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Figure 6 

Key: 1 Processor reaction chamber 

6 Load-and-lock chamber 

7 Vacuum gate valve 

13 Cassette 
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PURPOSE:To enable a film in excellent quality and high throughput to be formed by a 
method wherein a carrier system to deliver a w arranged in open state in a vacuum 
vessel wherein a cassette chamber containing a cassette loaded with semiconductor vvafers 
is formed to be air-tightly coupled so that the wafer may be pre-hbated to be cooled down 
after surface processing. . a , / • \j a 

CONSTITUTION'A cassette 13 is contained jn a cassette chamber 18 to be vacuum ized. A 
vacuum sluice valve 19 is opened, a wafer 14 is taken out of the cassette 13 by a carrier 
system 1 5 in a load-lock chamber 26 do as to be delivered to a wafer lifting mechanism 23; 
after processing in a heating zone 16, the wafer 14 is carried to a process reaction chamber 
1 to be delivered to a wafer holding mechanism 1 1 . Any processed wafer 14 is carried to the 
chamber 26 so as to be cooled down by a cooling down means in a cooling down zone B. 
After the lifting mechanism 23 in the heating zone 16 is shifted to a specified position, the 
carrier system 15 receives the wafer 14 from the lifting mechanism 23 in the cooling down 
zone B so as to contain the wafer 14 in the cassette 13 in the cassette chamber 18. 
Accordingly, the cooled down wafer 14 can be carried to the cassette 13 during the pre- 
heating process. 
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